The two-electron reduction of the c/oso-l-Ge-2,3-(SiMe3)2-2,3-C 2 B 4 H4 (3) with sodium/naphthalene in THF and a subsequent reaction with anhydrous SnCh resulted in the formation of [c/o.s-o-l-Sn-2,3-(SiMe 3 )2-2,3-C2B 4 H 4 ]2 (4) whose crystal structure shows it to be the "carbons adjacent" dimeric species. A similar reduction of the closo-i ,2-(SiMe 3 )2-1,2-C 2 B 4 H 4 (5) with sodium/naphthalene in Ν,Ν,Λ/Λ'-tetramethy lethylenediamine (TMEDA) and the subsequent reaction with anhydrous PbCh produced the closo-l-Pb(TMEDA)-2,4-(SiMe3)2-2,4-C2B4H4 (7) in which the cage carbons are separated by a BH unit as found by its X-ray analysis. The former reaction establishes an alternate route for the generation of hitherto unavailable "carbons adjacent" disodium C 2 B 4 -caiboranyl ligand. 
Introduction
The dianions of the «/i/o-(RC)2B 4 H 4 (R = an exo-polyhedral substituent or H) caiboranes have been extensively used as ligands in the synthesis of a variety of half-sandwich and full sandwich metallacarboranes [1] , In all cases the metal bonds to the open C 2 B 3 pentagonal face of the carborane. There are two different arrangements of the cage-carbons on the face, either adjacent to one another, found in the [w/do-2,3-(RC)2B 4 
H4] 2 (carbons adjacent) isomer, or separated by a boron atom, as found in the [«/I/O-2,4-(RC)2B 4 H 4 ]
2 " (carbons apart) isomer. Recent studies have shown that, while the carbons apart isomer is the thermodynamically more stable one, both isomers seem to bond equally well to metal ions [2] . Since the carbons apart [M/£/O-2,4-(RC)2B 4 H 4 ] 2 dianionic ligands are prepared by the reduction of the corresponding C/OSO-1,2-(RC) 2 B 4 H6 in the presence of two equivalents of Na metal and naphthalene [3] , a question arose whether the same 2-eIectron reduction can be applied to closometallacarboranes. If it could be done without the cage degradation, then it would lead to a unique cage expansion by incorporating hetero metal atoms into a single cluster. As part of this study we chose a halfsandwich germacarborane, c/oso-l-Ge-2,3-(SiMe3)2-2,3-C2B 4 H 4 (3) [4] , for a 2-electron reduction reaction and its further reactivity toward SnCh. The results of this investigation was compared concurrently with the 2-electron reduction of the closo-1,2-(RC)2B 4 H 6 [3] and its subsequent reaction with PbCh. Here we demonstrate for the first time the difference in reactivity patterns between the c/o.so-carboranes and c/ewo-metallacarboranes along with the discovery of a new route for hitherto unavailable "carbons adjacent" disodium compound of a C2B 4 -carboranyl ligand.
Experimental Section
Materials. 2,3-Bis(trimethylsilyl)-2,3-dicarba-wi/o-hexaborane (8) (1) and l,2-bis(trimethylsilyl)-l,2-dicarbac/o.vo-hexaborane(6) (5) were prepared using the literature methods [5] [6] [7] , The exo-Li(TOF)-l-Na(THF)-2,3-(SiMe 3 )2-2,3-C2B 4 H 1 (2), prepared from 1 [7] , was subsequently converted to the corresponding half-sandwich germacarborane, c/oso-l-Ge-2,3-(SiMe 3 )2-2,3-C2B 4 H 4 (3) [4] , The c/ovo-carborane (5) was converted to the corresponding TMEDA-solvated carbons apart cünatracarborane, c/o.ro-exo-5,6-[^-H) 2 Na(TMEDA)]-lNa(TMEDA)-2,4-(SiMe 3 ) 2 -2,4-C2B 4 H, (6) , by reduction with Na/CioHg as outlined previously [3] , Prior to use, TMEDA (Aldrich), was distilled in vacuo and stored over sodium metal and its purity was checked by IR and NMR spectra and boiling point measurements. Before use, naphthalene (Aldrich) was sublimed in vacuo, Na metal (Aldrich) was freshly cut in a drybox, and anhydrous SnCL and PbCl 2 (Strem Chemicals) was heated at 120 °C in vacuo overnight to remove any last traces of moisture in the sample. Benzene, THF, and w-hexane were dried over LiAlHi and doubly distilled; all other solvents were dried over 4-8 mesh molecular sieves (Aldrich) and either saturated with dry argon or degassed before use. Spectroscopic and Analytical Procedures: Proton, boron-11 and carbon-13 pulse Fourier transform NMR spectra, at 200, 64.2 and 50.3 MHz, respectively, were recorded on an IBM-WP200 SY multinuclear NMR spectrometer. Infrared spectra were recorded on a Nicolet Magna 550 FT-IR spectrophotometer. Elemental analyses were performed at Northern Illinois University Analytical Service Facility in Faraday Laboratory . Synthetic Procedures. All experiments were carried out in Pyrex glass round bottom flasks of 100-250 mL capacities, containing magnetic stirring bars and fitted with high-vacuum Teflon valves. Nonvolatile substances were handled in either a drybox or glovebag under an atmosphere of dry nitrogen. All known compounds among the products were identified by comparing their IR and NMR spectra with those of authentic samples.
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New Stanna-and Plumba-Carboranes: Synthetic And Structural Investigation (4) Ä 2.13 mmol (0.62 g) sample of c/aso-germacarborane (3) in THF solution (25 mL) was poured in vacuo on to freshly cut Na metal (0.12 g. 5.22 mmol) and freshly sublimed naphthalene (0.64 g, 5.00 mmol) in THF (10 mL) that was maintained at 0°C, and the resulting dark-green heterogeneous mixture was stirred constantly at this temperature for 2 h and at room temperature overnight. At this point the dark-green turbid solution turned yellow/orange. The mixture was then filtered in vacuo, the solvent THF from the clear filtrate was removed, and the naphthalene from the resulting yellow/orange residue was removed by vacuum sublimation at 60°C over a period of 18 hours The final dark-brown residue was dissolved in a 1:1 mixture of anhydrous THF and benzene (25 mL) and then poured onto a suspension of anhydrous SnCh (0.41g, 2.16 mmol) in 15 mL of benzene in vacuo at 0°C. The resulting reddish-brown heterogeneous solution was stirred at this temperature overnight and then filtered in vacuo and the solvents THF and benzene were removed from the filtrate in vacuo to give a dark residue at the bottom of the reaction flask. The flask containing this residue was attached to a detachable highvacuum U-trap whose side-arms were rapped around with a heating tape to maintain the same temperature used for sublimation. With identical sublimation procedure, temperature and time as described for the synthesis of monomelic c/oso-stannacarboranes [8], the dark residue gave an off-white solid, identified as a dimeric closo- (4) h in 79%^ield (0.57 g, 1.69 mmol; mp 69°C, soluble in both polar and non-polar organic solvents). The Η, Ή, 3 C and 1 Sn NMR spectra and IR spectra are identical to those published for the monomelic closo-stannacarborane [8], The off-white solid 4 was slowly recrystallized from its benzene solution to give a colorless rod-like crystalline solid that was used for elemental analvsis and for X-ray analysis. Anal. Calcd for CieH^gSuSn^ C 6 4 HJ 2 (7) In a procedure, identical to that described elsewhere [3], 5.00 mmol (1.09 g) sample of closo-l,2-(SiMe3)2-1,2-C2B4H4 was reacted overnight at 25 °C with 0.23 g (10.0 mmol) of freshly cut Na metal and 0.641 g (5.00 mmol) of freshly sublimed naphthalene in 1:3 mixture of dry TMEDA and dry benzene, to produce the corresponding carbons apart disodium compound, c/oso-exo-5,64fa-H)2Na(TMEDA)]-l-Na(TMEDA)-2,4-(SiMe3)2-2,4-C2B4Hi. After removal of all the solvents and naphthalene, the TMEDA-solvated disodium compound was isolated as a brown crystalline solid that was transferred to a reaction flask containing a magnetic stirring bar. A suspension of PbCl 2 (1.39 g, 5.00 mmol) in benzene (25 mL) was slowly poured, in vacuo, onto the disodium compound in the flask at 0°C and the resulting heterogeneous mixture was stirred at room temperature overnight, during which time the mixture turned from brown to gray. The mixture was then filtered in vacuo to collect a clear filtrate. The solid residue that remained on the frit after several washings with anhydrous benzene, identified by qualitative analyses as a mixture of NaCl and elemental Pb (not measured), was discarded. The clear filtrate was concentrated in vacuo and then allowed to stand for several days at room temperature, this resulted in the formation of transparent crystals (1.65 g, 3 .06 mmol, 61% yield), identified as closo-1 -Pb(TMEDA)-2,4-<SiMe3)2-2,4-C2B 4 H4 (7). The plumbacarborane, 7 |mp. 215°C(dec)], is soluble in both polar and nonpolar organic solvents. Anal. Calcd. for C, 4 H3 8 B 4 Si 2 N2Pb: C, 31.08; H, 7.08; N, 5.18. Found: C, 30.96; H, 7.16; N, 5.33. 1 Η NMR (C 6 The selected crystals of 4 and 7 were coated with mineral oil and mounted sequentially on an automatic Siemens R3m/V diffractometer under a low-temperature nitrogen stream. The pertinent ciystallographic data are summarized in Table 1 . The final unit cell parameters were obtained by least-squares fits of 24 accurately centered reflections measured in the ranges 15°<2θ<30 ο ; the intensity data were collected in the ranges 3.50°s2es42.0° and3.5°s2es46.0°at 230 K, for 4 and 7, respectively. Three standard reflections, monitored after every 147 reflections did not show any significant change in intensity during the data collection for both structures. The data were corrected for Lorentz and polarization effects, and semi-empirical absorption corrections (based on ψ scans) were applied. The structures were solved by heavy-atoms methods and subsequent difference Fourier syntheses using the SHELXTL-Plus package of programs [9] , The scattering factors, with anomalous dispersion corrections for the heavy atoms were taken from Ref. 10. In the disordered structure of 7, Pb is located at the special position, while other atom positions are half occupied. The difference Fourier maps of 7 did not reveal any meaningful peaks for the cage Η-atoms, while these Η-atoms of 4 were recognized from the respective DF maps. Methyl and methylene Η-atoms were calculated at idealized positions with fixed isotropic temperature factors (U = 0.08 A 2 ) and on the "ride-mode" during refinement. The final cycles of refinements of 4 and 7 converged atÄ = 0.065 and 0.0316, wR = 0.080 and 0.0398, and GOF= 2.32 and 1.09, respectively. Selected bond distances and bond angles are listed in Table 2 . Results and discussion Synthesis'. Two closo-carboranes, 3 and 5, were reduced with sodium/napthalene, as outlined in Schemes 1 and 2, respectively. While both follow the general reduction/structure changes given in eq. (1) [11], they proceed along quite different pathways. The reduction of the six-vertex closo-1,2-(SiMe 3 )2-1,2-C 2 B 4 H4 (5), shown in Scheme 2, occurs without cage degradation to give the [2,4-(SiMe3) 2 -w/i/o-2,4-C2B4H(] 2~ dianion. The resulting rt/cfo-carborane was then trapped with PbCl 2 to give closo-l-Pb(TMEDA)-2,4-(SiMe3)2-2,4-C2B 4 Hi (7) with an over-all yield of 61%. The net effect of this sequence is a one vertex cage expansion. On the other hand, when the seven-vertex 2,3-(SiMe 3 )2-c/o5O-l,2,3-GeC2B 4 H4 (3) was reduced, cage degradation occurred, resulting, presumably, in the |2,3-(SiMei)2-«ii/o-2,3-C2B,H 4 | 2 intennediate that was trapped by SnCl 2 to give 2,3-(SiMe3)2-c/oso-l,2,3-SnC 2 B 4 H4 which was isolated as its dimer, (4) .
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• ! closo---*nido---*arachno eq. (l) C(10) Figure 2 . A Perspective view of 7 with the thermal ellipsoids drawn at 40% probability level and showing the atomic numbering scheme. on the model compound, c/oso-GeC^H,, show that the LUMO is concentrated on the Ge vertex, with strong antibonding interactions between the Ge and the rest of the cage. Therefore, population of this orbital could well lead directly to cage degradation. Irrespective of the mechanism of reduction, the net effect of the reactions shown in Scheme 1 is the substitution of a Ge vertex with a Sn one. This is of interest in that the Sn in the stannacarborane has been thought to be loosely ligated by the carborane ligand and the stannacaiboranes have been shown to be useful starting materials for the synthesis of other metallacarboranes, such as, l-Os(CO)3-2,3- (SiMe 3 ) Figures 1 and 2 , respectively. Selected bond distances and angles are given in Table 2 ; a more complete list of distances and angles can be found in the Supplementary Materials. The structure of 4 shows two c7o.vo-2,3-(SiMei) 2 -l,2,3-SnC 2 BiH4 cages joined top-tobottom with a crystallographic center of symmetry halfway between the two Sn centers. There is a benzene molecule associated with each Sn atom. An inspection of the Sn-Cbcnzene distances given in Table 2 shows that the benzene is located just at or slightly below the distance given by the sum of the van der Waals radii of Sn and the benzene carbons (3.90 Ä) [19] , Generally, the structure of 4 is very similar to the benzene-solvated dimer of the corresponding c/o.vo-2,3-(SiMc 1 )2-1,2,3-PbC 2 BiH 4 [201. The monomer of 4 has been previously synthesized and extensively characterized [8, 21] , The solution Η, 'B, l3 C and ""Sn NMR spectra and IR spectra of 4 are identical to those of the monomer, indicating that a monomelic stannacarborane is the species that exists in solution. The average Sn-C 2 B 3 atom distance of 2.451 Ä is essentially the same as the 2.450 A found for the monomer [21] , Therefore, the effect of the benzene molecule and a neighboring stannacarborane has a minimal effect on the structure of a closo-l-Sn-2,3-(SiMe3)2-2,3-C2B 4 H4 cage in 4.
Scheme 2. Synthesis of "Carbons Apart" cioso-Plumbacarborane
The structure of the plumbacarborane, c/oso-l-Pb(TMEDA)-2,4-(SiMe3)2-2,4-C2B4H4 (7) is that of a pentagonal bipyramidal cage in which a Pb(II), coordinated by a TMEDA molecule, occupies one of the apical positions. The Pb is not symmetrically bound to the C 2 B 3 face of the carborane, but is slipped away from the cage carbons, towards the B(4/5) vertices. The dihedral angle of the N(14)-N(13) midpoint, Pb, B(6) , and B (2) The 11 Β NMR spectrum of 7 is consistent with its structure in that it shows three boron resonances with peak areas in a 1:2:1 ratio. This is the same pattern as found in the group 1 carbons apart complexes, such as 6 [3] , but is different from the pattern found for the carbons apart stannacarboranes, which gave 2:1:1 peak area ratios. The 1:2:1 ratio has been rationalized on the basis that the position of the unique boron [B(2) in Figure 2 ] between the two more electronegative carbons would make it more deshielded than the other two basal borons, resulting in a downfield shifted resonance peak. On the other hand, strong metal-boron bonding could increase electron density on the unique boron sufficiently to cause a reversal of the resonance pattern. Therefore, the 1.2 :1 pattern found for 6 might well be the result of a more ionic metal-carborane interaction than found in the stannacarborane, this would be expected from their relative positions in the Periodic Table.
Conclusions
The two-electron reduction of closo-1,2-(SiMe 3 )2-l ,2-C 2 B 4 H 4 produced the carbons apart w/tfo-carborane dianion, [2,4-(SiMe 3 )2-2,4-C 2 B 4 H 4 | 2 , which could be reacted with PbCl 2 to give the seven-vertex metallacarborane, c/oso-l-Pb(TMEDA)-2,4-(SiMe3)2-2,4-C2B 4 H4(7) which was structurally characterized On the other hand, reduction of the the seven-vertex main group heterocaiborane, closo-1 -Ge-2,3-(SiMe 3 ) 2 -2,3-C2B 4 H 4 was found to proceed with cage degradation, leading to carbons adjacent carborane dianion [mifo-2,3-(SiMe 3 ) 2 -2,3-C 2 B 4 H 4 ] 
